Background: Agitation after general anaesthesia can lead to self-harm, violence against staff, and increased resource utilisation. We aimed to assess patient and procedural characteristics associated with this complication in adults. Methods: We identified cases of agitation (Richmond AgitationeSedation Scale score þ3 or þ4, or administration of haloperidol) in patients after general anaesthesia in the PACU from
Editor's key points
Agitation after general anaesthesia is rare but increases the care burden for staff. This case-controlled study assessed the risk factors for post-anaesthesia agitation and associated subsequent outcomes. The characteristics that were associated with the development of agitation included preoperative cognitive impairment, psychiatric disorders, and obesity. The presence of invasive devices (e.g. urine catheter, chest tube, and tracheal tube) was also associated with agitation. Agitated patients stayed longer in the recovery area and were more likely to have subsequent delirium and respiratory complications.
Early post-anaesthesia recovery is a dynamic period during which vital organ systems recover from the effects of anaesthesia and surgery. 1 The return of mental status to preprocedural levels is a critical discharge criterion from the PACU to lower levels of care. Delays in any element of patient recovery can lead to PACU inefficiencies, resulting in a bottleneck of patient flow. 1 Profound sedation in the PACU has been associated with increased postoperative adverse events, including respiratory complications. 2, 3 In contrast, postoperative agitation can lead to patient or healthcare team injury. Agitation that occurs during recovery from general anaesthesia, emergence agitation, could be partly responsible for high levels of violence reported against healthcare workers in recovery rooms. 4, 5 Furthermore, postoperative agitation could represent hyperactive delirium; postoperative delirium is associated with longer hospital stays and increased morbidity, mortality, and need for institutionalisation. 6 Emergence agitation in adult surgical patients has not been as well studied as in children. 7 Therefore, we aimed to (i) evaluate the prevalence of emergence agitation in adults after general anaesthesia, (ii) assess for potential associations between patient and perioperative factors and agitation, and (iii) describe the postoperative course of adult patients who have had agitation episodes.
Methods

Study design and patient selection
This retrospective, matched, case-controlled study was conducted at a major tertiary academic centre, Mayo Clinic Hospital, Rochester, MN, USA. The two campuses of Mayo Clinic HospitaldSaint Marys Campus and Methodist Campusdboth have a PACU. The study was approved by the Mayo Clinic Institutional Review Board (identification number: 16-009558). Consistent with Minnesota Statute 144.295, patients who declined authorisation for their medical records to be used in research were excluded from this study. We retrospectively searched our anaesthesia database for the records of adult patients (!18 yr) who underwent surgical procedures with general anaesthesia and were admitted to a PACU from July 1, 2010 to September 30, 2016 , and provided authorisation for research use of their medical records. The electronic health records of patients were searched to identify those who experienced emergence agitation. Emergence agitation was defined as a Richmond AgitationeSedation Scale (RASS) score 8 (Supplementary Appendix) of þ3 or þ4 or the administration of haloperidol during the PACU stay. Patients identified as having emergence agitation (cases) were then matched 1:1 with patients without emergence agitation (controls) on the basis of age, sex, and procedure type. Automated and manual review of patient records was performed.
Study setting and clinical practice
Before operation, all patients undergo nursing review of their medical records, home medications, fall risk assessment with a validated risk model (Hendrich II Fall Risk Model, which assesses risk of fall using history of confusion, depression, vertigo, and difficulties with elimination; use of anticonvulsants or benzodiazepines; male sex; and ability to rise up from a chair), 9 current use of tobacco and alcohol, and current and past substance misuse history. In addition, all patients are questioned regarding a history of obstructive sleep apnoea; because of the high prevalence of undiagnosed obstructive sleep apnoea, those who respond in the negative undergo additional screening. 10 Patients are also assessed by the attending anaesthesiologist. Anaesthetic management was predicated on patient and procedural characteristics, at the discretion of the attending anaesthesiologist. All study patients underwent Phase 1 recovery (the recovery phase during which close monitoring is required) in one of the two PACUs. These PACUs were staffed by registered nurses trained in Phase 1 recovery, and the Saint Marys Campus PACU staff also included an anaesthesiology resident. The attending anaesthesiologist was immediately available if advanced expertise was required. Phase 1 discharge criteria are based on standard criteria 11 and adequate control of pain and postoperative nausea and vomiting (PONV). As an added layer of safety, patients are also continually assessed for episodes of respiratory depression (e.g. apnoeic spells). 12 Disposition from the PACU to an ambulatory area, postoperative ward, or ICU is decided by the attending anaesthesiologist on the basis of patient and procedural characteristics.
Data abstraction
Medical, surgical, and anaesthesia records were electronically abstracted using previously described proprietary software. 13 Pre-surgical variables included patient age; sex; BMI; presence of co-morbid conditions (cardiovascular disease, pulmonary disease, dementia/cognitive impairment, or diabetes mellitus); history of psychiatric problems (defined as a previous psychiatric diagnosis or consultation or chronic use of antidepressants or antipsychotic medications); results of preoperative nursing assessments; and home use of benzodiazepines, gabapentinoids, and opioids. Anaesthesia variables included anaesthetic technique and medications administered (from time of admission to dismissal from the PACU). Surgical records were reviewed for type of procedure, blood product transfusions, fluid resuscitation, and surgical duration. The continued postoperative use of indwelling catheters (e.g. urine catheter, nasogastric tube, chest tube, or surgical drain) or tracheal tube, which could contribute to patient discomfort and potentially trigger agitation, was also abstracted. The patient records were reviewed for evidence of medical or anaesthesia complications. These included PACU administration of medications to treat agitation, pain, PONV, and hypertension; evidence of respiratory depression during Phase 1 recovery; postoperative complications {pulmonary, myocardial infarction, thromboembolic, or delirium [all inpatients regardless of level of care are assessed with the Confusion Assessment Method for the ICU (CAM-ICU) 14 
Results
During the study period, 207 569 patients were admitted to the PACU, of whom 510 patients (0.25%) had emergence agitation, for an incidence of 2.5 (95% CI: 2.3e2.7) cases per 1000 patients. Among the 510 patients, 446 (87.5%) had a RASS score of þ3 or þ4 (IQR: þ3 to þ3) and 160 (31.4%) received haloperidol; 96 patients (18.8%) had both an increased RASS score and received haloperidol. For these cases, 108 patients (21.2%) required additional healthcare staff involvement and 29 (5.7%) required physical restraints. These episodes resulted in six self-inflicted dermatological injuries and the removal of six i.v. lines and three nasogastric tubes; there was no documented self-extubation or removal of urine catheters. Fifteen patients (2.9%) were documented to inflict violence upon healthcare staff, including hitting (n¼9), kicking (n¼6), grabbing (n¼1), and spitting (n¼1).
After 1:1 matching of cases and controls, the groups were similar in most patient characteristics (Table 1) . Among the controls, the median highest RASS score during PACU stay was 0 (IQR: e1 to 0); 53 controls had a RASS of þ1 and two controls had a RASS of þ2. Table 2 ). In addition, intraoperative characteristics associated with agitation were the use of desflurane (OR: 2.02; 95% CI: 1.32e3.10; P¼0.001) and higher doses of opioids (OR: 1.19; 95% CI: 1.01e1.39; P¼0.03). Surprisingly, the intraoperative use of the psychotropic medication ketamine, which may be associated with agitation, was not found to be associated with agitation (OR: 0.63; 95% CI: 0.37e1.05; P¼0.08), and the use of droperidol was found to be protective from agitation (OR: 0.41; 95% CI: 0.23e0.73; P¼0.002) ( Table 2) . Strong associations were found between agitation and the postoperative presence of a tracheal tube ('delayed extubation', OR: 16.6; 95% CI: 7.25e38.2; P<0.001), urine catheter (OR: 7.25; 95% CI: 4.31e12.2; P<0.001), nasogastric tube (OR: 4.06; 95% CI: 1.51e10.9; P¼0.006), and chest tube (OR: 3.46; 95% CI: 1.07e11.2; P¼0.04). Table 3 summarises the course of Phase 1 anaesthesia recovery. Compared with the controls, the cases had longer PACU stay (108 vs 71.4 min; P<0.001); had a higher incidence of PONV (11.6% vs 5.5%; P<0.001); more required treatments for hypertension (9.2% vs 2.5%; P<0.001); and more received opioids (70.4% vs 48.2%; P<0.001), ketamine (12.7% vs 7.1%; P¼0.003), and sedatives (midazolam: 29.0% vs 1.6%; P<0.001). Although the cases and controls had comparable post-PACU disposition (outpatients, transfer to wards, or ICU) (P¼0.28), the cases had higher incidence of subsequent delirium (16.1% vs 6.3%; P<0.001) and pulmonary complications (9.8% vs 4.7%; P¼0.002) than did the controls (Table 4) .
Discussion
In this retrospective analysis, severe emergence agitation complicated 2.5 per 1000 cases after general anaesthesia. In prospective observational studies, the incidence of emergence agitation has been much higher, ranging from 4.7% 5 to
19%
. 7 This discrepancy may reflect that our definition was restricted to patients who were agitated or combative (RASS score: þ3 or þ4) or received haloperidol. We believe these criteria represent patients who are at the greatest risk for harming themselves or the healthcare staff. Emergence agitation differs from emergence delirium. Delirium is an acute confusional state and can present with hypoactive or hyperactive signs. Delirium is difficult to assess during recovery from anaesthesia, because the residual effects of anaesthesia can mimic delirium. 7 It is likely that a proportion of our cases had the hyperactive variant of delirium. Because we did not formally test for delirium, we do not know the incidence of emergence delirium. In the series by Card and colleagues, 7 60% of their agitated patients were found to be delirious by the CAM-ICU criteria. Several clinical characteristics were associated with emergence agitation. The prominent patient features were those suggestive of mental health impairment, as evidenced by strong associations with cognitive impairment, psychiatric history, and substance misuse. In a prospective observational study of 91 older adults, cognitive impairment was associated with increased risk of delirium in the PACU. 19 Similarly, Sprung and colleagues 20 showed that preoperative cognitive impairment was associated with postoperative delirium, and postoperative delirium in patients without known pre-existing cognitive impairment was associated with future development of cognitive impairment. In the current study, an increased fall risk was associated with an increased risk of agitation. Cognitive impairment is a debilitating condition known to be associated with various co-morbid conditions, frailty, 21 and increased fall risk. 22 Therefore, the associations between these factors and agitation are most likely interrelated. Substance misuse disorders were strongly associated with emergence agitation. Such disorders are known to increase the risk of postoperative delirium, which may be secondary to acute abstinence. 23, 24 However, we do not believe that abstinence during the immediate perioperative period is of sufficient duration to trigger withdrawal symptoms during the period of post-anaesthetic recovery. Similarly, a psychiatric history was associated with an increased emergence agitation. A meta-analysis found that such disorders increase postoperative delirium risk, 25 but this has not been specifically studied in the PACU setting. It is not clear why obesity was associated with agitation. When multiple hypotheses are explored, it is possible that spurious 'positive' or 'negative' results will be found. This could apply to some of our findings. For example, the association between desflurane and agitation and the lack of association between ketamine and agitation were both surprising results. Several features of Phase 1 recovery (e.g. PONV and need for further analgesics) could contribute to agitation. Hypercarbia secondary to respiratory depression can lead to restlessness and agitation. 26 Patient discomfort can also contribute to agitation. 5, 17 Prolonged mechanical ventilation and presence of indwelling catheters are well-known risk factors for postoperative delirium. 27, 28 Theoretically, discomfort from these devices could trigger agitation during anaesthesia recovery. This could also explain why agitated patients were more likely to receive larger doses of opioids; however, the incidence of severe pain did not differ between groups. In contrast, Card and colleagues 7 found that delirium risk was greater with increasing doses of perioperative opioids. The use of ketamine in the PACU was also higher in agitated patients, but its administration in relation to agitation onset could not be established. However, it was presumably administered before agitation onset, because ketamine administration for analgesia in agitated patients is discouraged. Thus, ketamine use in the PACU may have contributed to agitation. Not surprisingly, postoperative recovery for agitated patients was more complicated. Several patients inflicted selfharm or committed violence. Although violence against healthcare staff is widely believed to primarily occur in emergency departments or psychiatric facilities, violence also occurs in PACUs. 4 Many agitated patients required physical restraints and more staff members to provide safe care. The higher rates of midazolam administration probably reflect attempts to treat agitation and may reflect another form of 'chemical restraint' besides haloperidol. After PACU discharge, agitated patients were more likely to have delirium or require behavioural evaluation response team interventions. Studies of emergence delirium have also found that these patients are at an increased risk for postoperative delirium. 7, 19, 29, 30 Agitated patients may, therefore, benefit from anti-delirium measures. 31 The higher incidence of pulmonary complications in patients who were agitated might reflect that agitated patients more commonly experienced respiratory depression in the PACU. Respiratory depression during Phase 1 recovery predicts subsequent postoperative pulmonary complications. 3, 12 This study has the inherent limitations of a retrospective design. Even after accounting for the more stringent criteria of emergence agitation used in this study, the incidence of severe agitation was lower than expected. 5, 17 This probably reflects the deficiency of relying on retrospective data, and our incidence of emergence agitation is probably underestimated. Similarly, several risk factors, such as substance misuse and psychiatric history, may not be accurately documented. Furthermore, substance misuse screening was potentially biased to reflect clinicians' impressions regarding which patients might be misusing substances. The matched study design precluded an assessment of the effect of age, sex, and type of procedure, known risk factors for postoperative delirium; in turn, postoperative delirium is known to be highly prevalent in agitated postoperative patients. The assessment of postoperative delirium was based on the CAM-ICU criteria. The CAM-ICU has lower sensitivity among patients on postoperative wards than when used in the ICU, 7 so our results may reflect an underestimate of this complication.
In conclusion, agitation in the PACU in adult patients is uncommon but can result in patient self-harm or violence against healthcare staff, requires added resources, and is associated with an increased risk of postoperative delirium. We identified that patients requiring tracheal tubes and indwelling catheters after operation, and those with features suggestive of mental health impairment, were at the greatest risk for emergence delirium. A better understanding of potential risks and precipitating factors for emergence agitation in adults may be useful for developing appropriate staffing models to provide safe care, institute prevention strategies, understand the risk of subsequent postoperative complications, and guide appropriate disposition protocols.
